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5 METHOD AND SYSTEM FOR TRANSPORTING A SECONDARY 

COMMUNICATION SIGNAL WITH A PRIMARY COMMUNICATION SIGNAL 

RELATED APPLICATIONS 

10 This Patent Application is a continuation of pending United States Patent 

Application number 09/085,539, entitled "Method And System For Transporting A 
Secondary Communication Signal With A Primary Communication Signal," filed 
on May 26, 1998, which is a continuation of pending United States Patent 
Application number 08/731,818 filed October 22, 1996, is assigned to the same 

15 entity as this Application, and is hereby incorporated by reference into this 
Application. 

§ FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

m 

€) 20 Not applicable. 

W MICROFICHE APPENDIX 

W Not applicable. 


25 

FIELD OF THE INVENTION 

The present invention is directed to a method and a system for 
transporting communication signals in synchronous carrier networks. 

SUMMARY OF THE INVENTION 

30 In one embodiment, the present invention is an apparatus for 

transporting a communication signal. A synchronous secondary carrier network 
has a secondary communication signal and a synchronous primary carrier 
network has a primary communication signal. The secondary communication 
signal has secondary overhead and the primary communication signal has 

35 primary overhead. The primary overhead has unused overhead space. The 
apparatus comprises an adapter assembly adapted to receive the secondary 
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communication signal from the secondary carrier network and the primary 
communication signal from the primary carrier network. The adapter assembly is 
further adapted to load the secondary overhead into the unused overhead space 
of the primary overhead to form a transport overhead. The adapter assembly is 
also adapted to transmit the transport overhead in a transport communication 
signal to the primary carrier network. 

In another embodiment, the present invention is an apparatus for 
transporting a communication signal. A synchronous primary carrier network has 
a transport communication signal to be transported to a secondary carrier 
network. The transport communication signal has a transport overhead, and the 
transport overhead contains a secondary overhead. The apparatus comprises an 
adapter assembly adapted to receive the transport signal from the primary carrier 
network, to remove the secondary overhead from the transport overhead, and to 
transmit the secondary overhead in a secondary communication signal to the 
secondary network 

In yet another embodiment, the present invention is a method for 
transporting a secondary communication signal from a synchronous secondary 
carrier network on a synchronous primary carrier network which has a primary 
communication signal. The secondary communication signal has secondary 
overhead and the primary communication signal has primary overhead. The 
primary overhead has unused overhead space. The method comprises loading 
the secondary overhead into the unused overhead space of the primary 
overhead to form a transport overhead. The method includes transmitting the 
transport overhead in a transport communication signal to the primary carrier 
network. 

In another embodiment, the present invention is directed to a 
method for transporting a transport communication signal from a synchronous 
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primary carrier network to a synchronous secondary carrier network. The 
transport communication signal has a transport overhead. The transport 
overhead contains a secondary overhead. The method comprises removing the 
secondary overhead from the transport overhead and transmitting the secondary 
overhead in a secondary communication signal to the secondary network. 

The present invention is also directed to a system for transporting a 
secondary communication signal from a synchronous secondary carrier network 
on a synchronous primary carrier network which has a primary communication 
signal. The secondary communication signal has secondary overhead and the 
primary communication signal has primary overhead. The primary overhead has 
unused overhead space. 

The system comprises a first adapter assembly adapted to receive 
the secondary communication signal from the secondary carrier network and the 
primary communication signal from the primary carrier network. The first adapter 
assembly is adapted to load the secondary overhead into the unused overhead 
space of the primary overhead to form a transport overhead and to transmit the 
transport overhead in a transport communication signal to the primary carrier 
network. 

The system further comprises a second adapter assembly adapted 
to receive the transport communication signal from the primary carrier network. 
The second adapter assembly is further adapted to remove the secondary 
overhead from the transport overhead and to transmit the secondary overhead in 
a second secondary transport communication signal to the secondary network. 
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5 DESCRIPTION OF THE DRAWINGS 

Figure 1 is a functional diagram of an adapter system in 
accordance with the present invention in which an adapter assembly interacts 
between a primary carrier network and a secondary carrier network. 

Figure 2 is a relational diagram of the preferred placement of a 
10 secondary carrier communication signal overhead in a synchronous optical 
network communication signal from a primary carrier network. 

Figure 3 is a relational diagram of the preferred placement of a 
secondary carrier communication signal overhead in a synchronous digital 
q hierarchy communication signal from a primary carrier network. 

|j 15 Figure 4 is a block diagram of the adapter assembly of the present 

*5 invention. 


« DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

UJ 

« Synchronous carrier networks, such as synchronous optical 

o 

M network (SONET) and synchronous digital hierarchy (SDH), transport 

O 

jp 20 synchronous communication signals through spans of the network to points of 
jLa, destination. A span refers to network equipment, such as add/drop multiplexers, 

that allow communication signal traffic to be received into, delivered from, or 
carried on the carrier network and the pipes between the network equipment 
upon which the communication signals are carried. These spans generally form 
25 a ring configuration so that traffic can be delivered bi-directionally around the 
ring. 

The communication signals have information payloads and 
overhead. The overhead contains operation, administration, and maintenance 
information (OAM) that allows the carrier networks to provide error checking and 
30 control. The overhead includes section overhead (SOH) and line overhead 
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5 (LOH) for SONET networks, and regenerator section overhead (RSOH) and 
multiplexer section overhead (MSOH) for SDH networks. In addition, both 
SONET and SDH communication signals include a higher order path overhead 
(POH) as part of the payload. 

Because the synchronous carrier networks operate according to 
10 common protocols, multiple communication signal carriers may interact. For 
example, a primary carrier, such as an interexchange carrier (IXC) or a private 
carrier, may receive communication signals from, or transport communication 
signals to, a second primary carrier or to a secondary carrier, such as a local 
exchange carrier (LEC) or a second private carrier. Likewise, a secondary carrier 
15 may receive communication signals from, or transport communication signals to, 
a primary carrier or another secondary carrier. 

W In addition, a carrier network may use part of another carrier 

CO 

W network to carry traffic. Such a situation may arise, for example, when a 

B 

Q secondary carrier network has a break in a pipe of a span between two pieces of 

Q 20 equipment. Then, the secondary carrier network may use the primary carrier 


d3 


network in a protection mode to reroute the traffic to its intended destination. 
Alternately, the secondary carrier network may lease a portion of the primary 
carrier network so that the traffic may be routed to a destination for which the 
secondary carrier network does not have network equipment. 

25 Unfortunately, when a secondary carrier network transfers a 

communication signal to a primary carrier network, the overhead which contains 
the OAM is lost. Thus, normally, a secondary carrier network cannot use the 
primary carrier network because the overhead from the secondary carrier 
network's communication signal is terminated and replaced with the overhead 

30 from the primary carrier network. This occurs because the synchronous carrier 
network protocol standards only allow one overhead in a transmission span. 
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5 Therefore, a system is needed to allow a secondary carrier 

network's overhead to be transported over a primary carrier network. The 
present invention fills this need. 

As illustrated in Figure 1, the system 100 and method of the 
present invention allow a secondary carrier network 102 to use a primary carrier 
10 network 104 to transport communication signals, including the payload and the 
overhead from the secondary carrier network's communication signals. The 
primary carrier network generally has a higher transport rate than the secondary 
carrier network. 

A transport rate defines the size, speed, and multiplexing level of a 
15 carrier network. An optical carrier level three (OC-3) carrier network, for example, 
transports communication signals at a rate of 155.52 Mega-bits per second 
(Mbps). An optical carrier level twelve (OC-12) carrier network transports 
W communication signals at a rate of 622.08 Mbps. Four OC-3s can be combined 

Q or multiplexed up to an OC-12. As illustrated, the OC-12 has a higher transport 

O 20 rate and a higher multiplexing level than the OC-3. 

01 

□ The secondary carrier 102 has a transport rate, such as optical 

carrier level N (OC-N), synchronous transport signal level N (STS-N), or 
synchronous transport module level N (STM-N). As used in conjunction with the 
secondary carrier transport rate herein, "N" means a transport rate that can 

25 transport communication signals at a transmission multiplexing rate of N signals, 
where N can be any number from zero to infinity minus one. 

The primary carrier 104 has a transport rate, such as OC-M, STS- 
M, or STM-M. As used in conjunction with the primary carrier transport rate 
herein, "M" means a transport rate that can transport communication signals at a 

30 transmission multiplexing rate of M signals, where M can be any number from 
one to infinity. Generally, M is greater than N. 
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The system 100 is used in conjunction with the secondary carrier 
network 102. A piece of equipment in the secondary carrier network 102, such as 
an add/drop multiplexer 106 (ADM), transports a secondary communication 
signal to a primary carrier network 104 piece of equipment, such as an adapter 
assembly 108. 

The adapter assembly is part of the system 100. Because the 
adapter assembly 108 has a function that operates similar to an add/drop 
multiplexer, the adapter assembly 108 can deliver and receive communication 
signals to and from other carrier networks. Thus, the adapter assembly 108 can 
receive one or more secondary communication signals from the secondary 
carrier 102, as well as one or more primary communication signals from its own 
network. 

The adapter assembly 108 "hides" the secondary communication 
signal overhead in the primary communication signal overhead, thereby creating 
a transport overhead. The adapter assembly 108 then combines the payloads 
from the primary communication signal and the secondary communication signal, 
thereby creating a transport payload. The adapter assembly 108 combines the 
transport overhead with the transport payload to create a transport 
communication signal. 

The system 100 also has a another adapter assembly 110 which is 
identical to the above-described adapter assembly 108. The adapter assembly 
108 transmits the transport communication signal to the second adapter 
assembly 1 10 in the primary carrier network 104. The second adapter assembly 
110 pulls the secondary overhead and the secondary payload from the transport 
communication signal and transmits the overhead and payload in a secondary 
carrier communication signal to a secondary carrier piece of equipment, such as 
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5 an ADM 112. The ADM 112 thus receives the secondary payload and the 
secondary overhead at the destination point. 

The adapter assembly 108 is able to hide the secondary 
communication signal's overhead in the primary communication signal because 
the primary communication signal has multiple signal components multiplexed 
10 together, but only has one set of overhead. The one set of overhead resides in 
the first or lowest level signal component. Therefore, the primary communication 
signal has unused space, such as unused overhead bytes, where the overhead 
would normally reside in the upper level signal components. The M and N level 
Q signal components are the uppermost level for the respective communication 

03 15 signals. The overhead from the secondary communication signal can be loaded 

h 

into any of the unused spaces. 

in 

Uj Because the overhead from the secondary communication signal is 

^ loaded into the unused space in the primary communication signal, the primary 

communication signal is greater than an STS-1, OC-1, or STM-1 level 
20 communication signal when the secondary communication signal is an STS-1, 
OC-1, or STM-1, respectively. Thus, for example, an STS-M primary carrier 
network which carriers an STS-M primary communication signal has a greater 
transport rate than an STS-N secondary carrier network which carries a 
secondary communication signal. The same is true for OC-M primary and OC-N 
25 secondary networks, STM-M primary and STM-N secondary networks, or other 
carrier networks. 

For example, as illustrated in Figure 2, an STS-M communication 
signal 114 has a plurality of M STS-1 component signals multiplexed together. 
The first STS-1 component signal 116 has a POH 118, an LOH 120, and an 
30 SOH 122. The other STS component signals, such as the second STS-1 
component signal 124, and the third STS-1 component signal 126, have a POH, 
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but they do not have an SOH or LOH. The adapter assembly 108 (Figure 1) of 
the present invention loads the SOH 128 and LOH 130 from the secondary 
communication signal into these unused SOH and/or LOH bytes in the primary 
communication signal's overhead. It will be appreciated that this can be 
accomplished for any SONET communication signal in which a higher level 
primary communication signal is to carry a lower level secondary communication 
signal payload and overhead. 

The same method can be used for SDH communication signals. 
For example, as illustrated in Figure 3, an STM-M communication signal 132 has 
a plurality of M STM-1 component signals multiplexed together. The first STM-1 
component signal 134 has a POH 136, an MSOH 138, and an RSOH 140. The 
other STM component signals, such as the second STM-1 component signal 
142, and the third STM-1 component signal 144, have a POH, but they do not 
have an MSOH or an RSOH. The adapter assembly 108 (Figure 1) of the 
present invention loads the RSOH 146 and the MSOH 148 from the secondary 
communication signal into these unused MSOH and RSOH bytes in the primary 
communication signal's overhead. It will be appreciated that this can be 
accomplished for any SDH communication signal in which a higher level primary 
communication signal is to carry a lower level secondary communication signal 
payload and overhead. 

The adapter assembly 108 is more fully detailed in Figure 4. The 
adapter assembly 108 transmits communication signals between a primary 
carrier network and a secondary carrier network (see Figure 1). The adapter 
assembly 108 receives and transmits synchronous communication signals such 
as SONET communication signals and SDH communication signals at multiple 
levels, including STS, OC, STM optical, and STM electrical. 



Sprint Docket 1226a 


The adapter assembly 108 receives a primary communication 
signal from a primary carrier network at a first interface, such as a high speed 
interface 150. The high speed interface 150 can accept optical or electrical (O/E) 
communication signals. If the primary communication signal is in an optical 
format, the high speed interface 150 converts the primary communication signal 
into an electrical format. The high speed interface 150 then transfers the primary 
communication signal to a first multiplexer, such as a high speed interface 
multiplexer 152. 

The high speed interface multiplexer 152 has a special function 
that analyzes the overhead of the primary communication signal. This function 
allows the high speed interface multiplexer 152 to determine if overhead exists in 
any of the component signals other than the first component signal. In this 
manner, the high speed interface multiplexer 152 can determine if unused space 
exists and the location of the unused space. A secondary communication 
signal's overhead may be placed in this unused space. 

The high speed interface multiplexer 152 breaks down the primary 
communication signal into a primary payload and a primary overhead. The 
primary payload is transferred to a cross connect 154, and the primary overhead 
is transferred to a converter 156. It will be appreciated that the high speed 
interface 150 and the high speed interface multiplexer 154 may be combined into 
one element. 

Similarly, a secondary communication signal may be received from 
a secondary carrier network at a second interface, such as a low speed interface 
158. The low speed interface 158 can accept optical or electrical (O/E) 
communication signals. If the secondary communication signal is in an optical 
format, the low speed interface 158 converts the secondary communication 
signal into an electrical format. The low speed interface 158 then transfers the 
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secondary communication signal to a second multiplexer, such as a low speed 
interface multiplexer 160. 

The low speed interface multiplexer 160 breaks down the 
secondary communication signal into a secondary payload and a secondary 
overhead. The secondary payload is sent to the cross connect 154, and the 
secondary overhead is sent to the converter 156. It will be appreciated that the 
low speed interface 158 and the low speed interface multiplexer 160 may be 
combined into one element. 

The cross connect 154 combines the primary payload and the 
secondary payload. The cross connect 154 grooms the payloads at a specified 
multiplexing level and combines them to form a transport payload. In addition, 
the cross connect 154 may incorporate payloads from other communication 
signals into the transport payload. The cross connect 154 then transfers the 
transport overhead to a third multiplexer, such as a high speed interface 
multiplexer 162. 

The converter 156 inserts the secondary overhead into the unused 
bytes of the primary overhead, thereby creating a new transport overhead. This 
involves mapping the secondary overhead into the space that is available in the 
primary overhead. After loading the secondary overhead into the primary 
overhead, the converter 156 transfers the transport overhead to the high speed 
interface multiplexer 162. 

The high speed interface multiplexer 162 combines the transport 
overhead with the transport payload to form a transport communication signal. 
The high speed interface multiplexer 162 then transfers the transport 
communication signal to a third interface, such as a high speed interface 164. 

The high speed interface 164 transmits the transport 
communication signal to the primary carrier network. The high speed interface 


li 



Sprint Docket 1 226a 


164 may transmit optical or electrical (O/E) communication signals. The high 
speed interface 164 converts the transport communication signal to an optical 
format, if required, before transmitting it to the primary carrier network. It will be 
appreciated that the high speed interface 164 and the high speed interface 
multiplexer 162 may be combined into one element. 

The adapter assembly 108 also has a processor 166 which 
controls all of the reception and transmission of the communication signals. In 
addition, the processor 166 controls loading the overhead from the secondary 
communication signal into the overhead from the primary communication signal 
to create the transport overhead. The processor 166 can accept command and 
control information from the primary carrier network and the secondary carrier 
network. Moreover, if an error occurs in the reception, transmission, or 
conversion of the communication signals, the processor 166 sends an alarm to 
one or both of the carrier networks. 

The adapter assembly 108 can also accept a transport 
communication signal from a primary carrier network. The transport 
communication signal contains a transport overhead and a transport payload. 
The transport payload has at least a primary payload and a secondary payload. 
Similarly, the transport overhead has at least a primary overhead and a 
secondary overhead. 

When receiving a transport communication signal, the adapter 
assembly 108 operates in a manner which is the reverse of that described 
above. The adapter assembly 108 receives the transport communication signal 
at an interface, such as the high speed interface 164. 

The high speed interface 164 converts the transport signal from an 
optical format to an electrical format if required. The high speed interface 164 
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5 then transfers the transport communication signal to a multiplexer, such as a 
high speed interface multiplexer 162. 

The high speed interface multiplexer 162 has a special function 
that analyzes the overhead of the transport communication signal. This function 
allows the high speed interface multiplexer 162 to determine if overhead exists in 
10 any of the component signals in the transport signal other than the first 
component signal. In this manner, the high speed interface multiplexer 162 can 
determine if a secondary overhead has been loaded with a primary overhead 
into the transport overhead. 
P The high speed interface multiplexer 162 separates the transport 

|j 15 payload from the transport overhead. The transport payload is transferred to a 
^ cross connect 154, and the transport overhead is transported to a converter 156. 

|j It will be appreciated that the high speed interface 164 and the high speed 

W interface multiplexer 162 may be combined into one element. 

3 

O It will be appreciated that, for convenience, a second converter 168 

M 

p 20 can be included in the adapter assembly 108 to convert the transport overhead. 

cn 

□ In such a configuration, the converter 156 would function to load the secondary 

overhead into the primary overhead when transporting a transport 
communication signal to the primary network. In addition, the second converter 
168 would function to remove the secondary overhead from the primary 

25 overhead when receiving a transport communication signal. 

The cross connect 154 separates the primary payload and the 
secondary payload out of the transport payload. The cross connect 154 transfers 
the secondary payload to a second multiplexer, such as a low speed interface 
multiplexer 160, and the primary payload to a third multiplexer, such as a high 

30 speed interface multiplexer 152. 
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In addition, the cross connect 154 may separate from the transport 
payload other payload from another source. This other payload may be groomed 
at the cross connect 154 and sent in another communication signal through one 
of the multiplexers 152 or 160 or through a fourth multiplexer (not shown). 

The converter 156 removes the secondary overhead and the 
primary overhead from the transport overhead. The converter 156 then transfers 
the secondary overhead to a second multiplexer, such as the low speed 
interface multiplexer 160, and the primary overhead to a third multiplexer, such 
as the high speed interface multiplexer 152. 

Moreover, the converter 156 may separate from the transport 
overhead a third overhead from one or more third sources. This third overhead 
may be sent in another communication signal through one of the multiplexers 
152 or 160 or through a fourth multiplexer (not shown). 

The low speed interface multiplexer 160 combines the secondary 
overhead with the secondary payload to form a secondary communication signal. 
The low speed interface multiplexer 160 then transfers the secondary 
communication signal to a second interface, such as a low speed interface 158. 

The low speed interface 158 controls transmitting the secondary 
communication signal to the secondary carrier network 102 (Figure 1). The low 
speed interface 158 converts the secondary communication signal to an optical 
format, if required, and then transmits the secondary communication signal. It 
will be appreciated that the low speed interface 158 and the low speed interface 
multiplexer 160 may be combined into one element. 

The high speed interface multiplexer 152 combines the primary 
overhead with the primary payload to form a primary communication signal. The 
high speed multiplexer 152 then transfers the secondary communication signal 
to a third interface, such as the high speed interface 150. 

14 
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5 The high speed interface 150 controls transmitting the primary 

communication signal to the primary carrier network. The high speed interface 
150 converts the primary communication signal to an optical format, if required, 
prior to transmitting the primary communication signal to the primary carrier 
network. It will be appreciated that the high speed interface 150 and the high 
10 speed interface multiplexer 152 may be combined into one element. 

The adapter assembly 108 also has a processor 166 which 
controls all of the reception and transmission of the communication signals. In 
addition, the processor 166 controls removing the secondary overhead and the 
p primary overhead from the transport overhead. The processor 166 can accept 

* m 15 command and control information from the primary carrier network and the 
j| secondary carrier network. Moreover, if an error occurs in the reception, 

jjjjj transmission, or conversion of the communication signals, the processor 166 

W sends an alarm to one or both of the carrier networks. 

O It will be appreciated that the system described above may be 

SI 

20 modified to incorporate various other carrier network equipment. For example, a 


terminal multiplexer may be used instead of the add/drop multiplexer of the 

preferred system described above. 

By using the above described system and method, a primary 

carrier can provide communication signal transfer services to a secondary carrier 
25 network 102 (Figure 1). The overhead which contains the OAM now can be 

transported with the payload from the secondary communication signal. 

Although embodiments of the present invention have been 

illustrated in the accompanying drawings and described in the detailed 

description, it will be understood that the invention is not limited to the 
30 embodiments disclosed, but is capable of numerous rearrangements, 

modifications, and substitutions of parts and elements without departing from the 
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5 scope and spirit of the invention. In addition, it will be appreciated that other 
devices may be used that provide the same functions as the device elements 
described above. 
CLAIMS 

What is claimed is: 
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